Abstract Background: Sex determination of the human skeleton has been studied in forensic and physical anthropology. Long bones have been especially used because of the ease of defining measurements and better preservation. The femur is the most studied of all long bones. The application of PCR to forensic medicine has greatly enhanced the power and sensitivity of DNA analysis which has become a valuable tool for the identification of missing individuals and unknown remains. Aim of work: Determination of sex from the femur bones and comparing the anatomical method with that of SRY gene detection. Materials and methods: A total of 20 adult Egyptian human bones were selected for this study. They were obtained from the Unit of Anthropology, Anatomy Department, Faculty of Medicine, Cairo University. The diameter of the femoral head and the femoral mid-shaft circumference were used as metric measurements in sex determination of the femur. A multiplex method for DNA sex determination using the sex-determining region Y (SRY) gene was used. It involved two sets of primers, amplifying two different DNA sequences in a single reaction. Results: By measuring both the femoral head diameter and the mid-shaft circumference, it was revealed that 8 out of the 20 specimens were males while the rest were females. On the other hand, using the DNA analysis, all the samples showed amplification of one fragment (239/242 bp) in case of female origin, and two fragments (239/242 bp and 139 bp) in case of male origin. This DNA analysis verified the results obtained using metric measurements of the femur. Conclusion: The SRY gene detection method for sex determination is quick and simple, requiring only one PCR reaction. It corroborates the results obtained from anatomical measurements and further confirms the sex of the femur bone in question.
Introduction
Sex determination of the human skeleton has been studied in forensic and physical anthropology. 22 Bone is a growing tissue made up mainly of collagen, a protein that provides a soft framework and minerals that add strength and harden this framework. About 70% of bone consists of the inorganic mineral hydroxyapatite, which includes calcium phosphate, calcium carbonate, calcium fluoride, calcium hydroxide and citrate. There are many studies on the metric diagnosis of sex in bones. Long bones have especially been used because of the ease of defining measurements, and better preservation. 12 In previous studies, sex determination of individual or limited sets of long bones has been attempted. It has been pointed out that a certain set of variables tend to be better for sex diagnosis than others. Some studies of sex diagnosis use only the humerus, 18 the ulna, 29 or arm bones. 26 Some other studies use only the tibia, 19 while the femur is the most studied of all bones in sex determination. 1 
The femur as a paired long bone
The femur has contributed a great deal to the literature on sex determination. The sub-adult bone is ossified from a primary center in the shaft (appears at about the 8th week of intrauterine life) and from four epiphyseal centers. The distal epiphysis begins to ossify just before birth. The center for the head appears at about one year. Those for the greater trochanter appear at about the 4th year and for the lesser trochanter at about the 11th year. The epiphyses of the upper end of the femur unite before those of the distal end. The epiphyses for the head and the greater and lesser trochanters unite with the shaft between 14 and 19 years of age. McKern and Stewart 27 found that 80% of their young male samples were united by 18 years. In females, the distal epiphysis unites by 14-18 years. 30 The adult femur articulates with the hip bone at the hip joint superiorly and with the tibia inferiorly (at the knee). The heads of the two femora are widely separated by the pelvis, but the shafts in the erect posture incline from above down, slightly backward and medially so that the distal ends are fairly close together at the knee. The head is smooth for articulation and forms 2/3 of a sphere. The linea aspera, a longitudinally projecting ridge on the posterior surface, is for attachment of muscles used for upright stature and is more marked in man. 30 
Sex determination in humans using multiplex polymerase chain reaction (PCR)
The ability to recover the DNA sequence and STR data from bones and teeth exposed over time to a variety of environmental conditions has become a valuable tool for the identification of missing individuals and unknown remains. Due to low levels of endogenous DNA, environmental, bacterial and post-mortem DNA damage, as well as the potential presence of environment-born inhibitors that co-extract with DNA, the recovery of DNA data from degraded specimens can still pose a significant challenge. The application of PCR to forensic science has greatly enhanced the power and sensitivity of DNA analysis. It involves the exponential amplification of a specific, short DNA sequence directed by flanking primers so that even degraded and limited amounts of DNA can be analyzed. 31, 13 Gender determination gives useful investigative information in persons from which samples are taken. Previous PCR methods for sex determination have used Y-specific genes, for example, the amelogenin gene. A multiplex method for sex determination using the sex-determining region Y (SRY) gene has now been developed, involving two sets of primers, amplifying two different DNA sequences in the one reaction. 36 One set of primers, TDF 1 and TDF 2 , amplifies a region of the SRY gene which has been shown to be the Testis Determining Factor (TDF), responsible for phenotypic maleness. They directed the amplification of a 139 base pair (bp) fragment in all male samples. Amplification of the SRY gene will only occur in biological samples originating from male individuals. 21 The other set of primers, DQa 1 and DQa 2 , direct the amplification of a region of the HLA-DQa gene of the human MHC class II region. This gene is found on chromosome number six and will therefore be amplified in all individuals. The region of the HLA-DQa gene that was amplified may be 239 or 242 bp in length, due to allelic variation, and the HLADQa primers produced a 239/242 bp fragment in both male and female samples.
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Two PCR products, 139 bp and 239/242 bp, could therefore indicate that DNA originated from a male sample and one PCR product, 239/242 bp could indicate a female sample. The DQa primers act as an internal control, allowing the differentiation between a female sample and a failed PCR reaction. 9 
Materials and methods

Metric bone measurements
The diameter of the femoral head used is the maximum diameter of the femoral head (using a sliding caliper) on the periphery of its articular surface. The following dimensions were originally suggested for sex differentiation by Krogman 22 :
Femoral head circumference > 44 mm = Males. Femoral head circumference < 44 mm = Females.
Femoral mid-shaft circumference is a technique for assessing the sex of fragmentary femora suggested by Black. 4 The femoral circumference at mid-shaft was measured to the nearest mm with a cloth tape made to follow the contour of the bone. He reached the following conclusion:
Femoral mid-shaft circumference > 81 mm = Males. Femoral mid-shaft circumference < 81 mm = Females.
Sample selection
Human adult bones of modern Egyptians were selected for this study and were obtained from the Unit of Anthropology, Department of Anatomy, Faculty of Medicine, Cairo University. Bones have been preserved in paper bags and wooden boxes for over 10 years, and stored at room temperature away from sunlight. They were not exposed to any abnormal environmental conditions. Measurements were taken on the right femora. Samples ranged in age between 40 and 50 y. Only bones free of fractures, osteoarthritis, periostitis or any other apparent pathological changes were selected. 3. The bone is cleaned with sand paper to remove the outer layer, broken into small pieces, and pulverized into a fine powder using liquid nitrogen. The bone powder is transferred into a sterile 50 mL polypropylene tube and decalcified into 40 mL of 0.5 M EDTA, pH 8.0, on a rotator at 4°C for 24 h. After centrifugation at 2000g for 15 min, the supernatant is discarded. The powder is washed with 40 mL of extraction buffer (0.5 M EDTA, 0.5% sarcosyl, pH 8.0) to remove excess calcium. Then the sample is centrifuged at 2000g for 15 min and the supernatant is discarded. 4. The DNA is extracted by adding pre-warmed (37°C) extraction buffer to a final volume of approx. 7 mL. Then 100 lL of proteinase K (20 mg/mL) is added and the tube incubated at 37°C for 12 h. Subsequently, 100 lL proteinase K (20 mg/mL) is added and incubation continued at 37°C for an additional 12 h. 5. The solution is extracted 2-3 times with phenol/chloroform/isoamylalcohol (25:24:1). 6. One extraction with 20 mL water-saturated n-butanol is carried out to remove traces of phenol. 7. The aqueous phase is concentrated using Centricon 100 microconcentrator tube that is subjected to several 30 min centrifugation steps at 1000g. Finally, the reten-tate is washed 3 times with 2 mL of sterile water. The final volume is approximately 25-40 lL. Bone extraction is carried out independently in duplicate, and a sample containing no bone serves as a reagent negative control sample. 8. Ten percent of the retentate is used to determine the quantity of human DNA by slot-blot analysis.
This extraction method is robust, extensively tested and has been successfully used in degraded samples.
PCR and detection of PCR products 14
The primer sequences are shown in Table 1. 1. The primer-mix is prepared (3 lL sterile water, 5 lL 10X STR buffer, 1 lL of each dNTP, and 1 lL of each primer). 2. Pipette the required volume of primer-mix in a reaction tube (20 lL Following amplification, 10 lL of each reaction product was mixed with 2 lL of gel loading buffer and electrophoresis was done on 1% (W/V) agarose gel containing 1X TAE buffer (0.01 M Tris Acetate, 0.002 M EDTA) and ethidium bromide (0.5 mg/mL). The presence of specific amplified DNA bands was detected by visualization with UV light and compared with molecular size markers.
1. A 10 · 13.5 cm gel requires a volume of 40 mL buffer plus 1.8 g agarose powder. 2. Microwave the gel mix for 30 s then for 15 s until it is near boiling. 3. Add the cooled gel to the tank containing TAE buffer. 4. Prepare the gel tray, position the comb, pour the gel and allow it to set for at least 1 h. 5. Prepare the molecular-weight ladder. 6. Add TAE buffer to just cover the gel to a depth of 2-3 mm.
Position with the origin on the cathode side and remove the comb with care. 7. Add 10 lL of PCR product mixed with 3 lL of load buf-fer (containing ethidium bromide). 8. Perform an initial run 5 min run of 20 V/cm, followed by a 2.5-3 h run of 8-19 V/cm.
After 2-3 h, view the gel on a UV transilluminator and record the results with a photographic or gel-documenting system.
Laboratory environment
DNA extraction, PCR setup and work were performed in a dedicated DNA laboratory according to generally accepted safety guidelines. Personnel involved wore disposable masks, 
Results
Metric measurements for sex determination
According to the measurements of the femoral head and midshaft, it was revealed that specimen numbers 1, Table 2 ).
DNA analysis for sex determination
All samples were amplified one fragment, 239/242 bp, if of female origin, and two fragments, 239/242 bp and 139 bp, if of male origin, as shown in Figure 1 . The PCR reactions after serial dilution indicated that as little as 1 ng of template DNA is enough for this method (Figure 2 ). These PCR products were also run on a polyacrylamide gel where they were visible using as little as 0.l ng template DNA. Male DNA was used in these PCR reactions to enable the comparison between 139 bp and 239/242 bp band intensities at the varying amounts of DNA.
As seen in Figure 1 , 14 lanes are detected and they were as follows:
Lane 1 fi DNA marker (100 bp). Lane 2 fi + ve male control. Uppermost band at 239 bp fi detects X chromosome. Second band at 139 bp fi detects Y chromosome. Third band fi primer-dimer fi dense. Lane 3 fi + ve female control. Uppermost band at 239 bp fi detects X chromosome. Second band is very thick (wide) as it consists of the Y primer that was not consumed in Y chromosome detection as it is a female specimen. Lanes 4, 9, 13 and 14 (specimens 1, 6, 10 and 11, respectively) fi male DNA. Lanes 5, 6, 7, 8, 10, 11 and 12 (specimens 2, 3, 4, 5, 7, 8 and 9, respectively) fi female DNA. Lowermost band in all lanes fi Àve control where the substrate was examined for impurities.
As seen in Figure 2 By comparing both methods, it was observed that the DNA analysis of the SRY gene in bone fragments goes hand in hand with the metric method in determination of sex (Table 3) . Figure 1 Amplification of male and female samples using TDF and DQa primers (samples 1-11). 
Discussion
Metric measurements
In this study, Di Bennardo and Taylor 6 tested Black's midshaft femoral circumference on 115 North American white femora of verified age and sex. They found that the mid-shaft femoral circumference measurement proved as accurate as any other femoral measurement in sexing the femur and that this measurement can be used on other than archeological populations. Spruiell 34 applied Black's circumference measurement to a skeletal collection (24 females, 36 males) and achieved a 90% level of accuracy in sexing the skeleton when compared with sexing using data on the pelvis.
Head diameters of the femur have been previously reported as good indicators of sex. 7, 8, 23, 24, 18, 26 Other researchers found that the epicondylar breadth of the femur was the most accurate in sexing. 37 The same overall accuracy, with slight differences in male/female accuracy, was achieved using a combination of two variables. 33 Identification points (IPs) are the levels of femoral head diameters above which values are those of male bones and below which are female bones. Therefore, it follows that when femora with intact heads are provided, sex can be assigned to them. This trend was also observed in three studies carried out in three Nigerian regions. 32, 28, 3, 17 Igbigbi and Msamati 17 recommended that in medicolegal cases where the more sophisticated and precise methods of sex determination of bones were lacking, IP methods should be used.
When fragmentary and incomplete bones are all that are available to the forensic anthropologist for use in sex determi-nation, non-metric and metric sex discriminating parameters that have been derived from complete bones may be of little use. In such circumstances, sex discriminating metric methods that are of specific application to fragmentary bones will be more useful. The vertical head diameter and the medial condylar length of the femur were most successful in sex determination from the upper and lower ends of the femur respectively. Combined variables were more useful than the use of individual ones. 
DNA analysis of SRY gene
A method for determining sex of human skeletons was developed using molecular genetic techniques. With some technical difficulties, it is possible to put DNA analysis, including Southern blot hybridization or PCR, into practical determination of sexing of hard tissues such as a piece of bone or a tooth, as well as old samples, and, therefore, it is applicable in forensic science. Sexing of two unidentified bleached skeletons by DNA analysis in addition to morphological examination was performed. Bones were taken out and cracked to compounds by liquid nitrogen. Two methods for sex identification by DNA analysis were used (Southern blot hybridization with Y-chromosome specific probe [PHY10; 3.4 kb], and PCR amplifying with sex chromosome specific fragments). These two methods identified the sex more correctly with sufficient evidence than depending only on morphological examination. 16 Sex determination by PCR analysis of the X-Y homologous amelogenin gene is highly reliable since the detection of X-specific amplified fragment validates the procedure. Dual PCR using two sets of primers results in the detection of Xand Y-specific amplified fragments from as little as 0.005 ng of template DNA, which is a powerful technique for the analysis of trace forensic samples and its application. 20 DNA analysis in the remains of 3 skeletons affected by severe post-mortem (PM) modification to identify their sex was performed. It was extracted from bone, bone marrow and a tooth by Southern blot hybridization with a Y chromosome specific probe and PCR to amplify the sex chromosome specific sequence. The first case had been preserved underground in a deep grave for two months, the second was found in a forest after more than five years, and the last had been kept in a Styrofoam box for a few years. Detective sensitivity of Southern hybridization was nearly the same as PCR with the aid of computed image processing. Although PCR was of obvious benefit when analyzing small amounts of biological evidence, amplification was impossible in cases where the target sequence became lost or changed. 15 DNA was analyzed from 20 modern individuals of known sex and 20 skeletons from an archeological site in central Illinois dating to A.D. 1300. An independent assessment of the sex of each skeleton was made according to standard osteological methods. Sexing was accurately determined using this molecular genetic technique. Molecular sex determination is especially useful for juvenile and fragmentary remains when it is difficult, or impossible, to establish an individual's sex from morphological features. 35 DNA extraction and amplification procedures have been optimized for Pompeian human bone remains whose diagnosis has been determined by histological analysis. Single copy gene amplification (X and Y amelogenin loci and Y specific alphoid repeat sequences) has been performed and compared with anthropometric data on sexing. 5 Results of this study show that the proposed sex determination method can be used to differentiate between male and female DNA. This method requires only one multiplexed PCR which includes the amplification of a region of the SRY gene and an internal control, HLA DQa gene. Since the presence of the SRY gene in an individual confers phenotypic maleness, only male individuals, regardless of any Y chromosome abnormalities, will have this gene amplified by the method described. Multiplex sex determination by the PCR method has also successfully amplified TDF and DQa fragments from DNA extracted from bloodstains, saliva, and vaginal swabs and has been applied to a number of casework samples. The PCR method also works with mixtures of biological material; for example, TDF fragments were amplified from semen samples found with vaginal epithelial cells. 9 Sex identification from skeletal material is of vital importance in order to reconstruct the demographic variables of an individual in forensic genetics and ancient DNA (aDNA) analysis. When the use of conventional methods of sex identification is impossible, molecular analysis of the X and Y chromosomes provides an expedient solution. Two novel systems of molecular sex identification suitable for skeletal material using the amelogenin gene are described, beginning in intron 2-3, spanning exon 3 and ending in intron 3-4. This area was optimal for sexing, as it includes 14 sex-specific polymorphic regions in addition to an indel (insertion or deletion of nucleotides). These methods produced 46.66% sex results, which is within the normal range for DNA studies. These new techniques are optimal for sex identification, with a combination of both the inherent control of isolating many sexspecific features and the use of sensitive micro-fluidic electrophoresis. 10 
Conclusion and recommendations
This sex determination method is quick and simple, requiring only one PCR reaction, with the products being easily visualized on an agarose gel. The system is robust with both 139 bp and 239/242 bp fragments being amplified at approximately the same intensity, allowing confident sexing of unknown human samples with as little as 0.l ng of template DNA.
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